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Abstract. In the domain of microalgae cultivation, the selection of carbon
source and salinity profoundly impacts the growth and metabolic activity
of species like Chlorella sp. Carbon sources and salt serve as vital
substrates, dictating not only biomass production but also shaping cellular
processes essential for various applications, particularly as agricultural
biofertilizers. This study investigated the impact of different carbon
sources and varying concentrations of sodium chloride (NaCl) on the
growth of Chlorella sp. It was found that CO2 bubbling significantly
improved microalgae growth, resulting in a notable 5.60% increase
compared to cultivation with sodium bicarbonate. Within a span of 14
days, Chlorella sp. reached its peak biomass of 1.32 g/L + 1.2% under CO2
bubbling, outperforming NaHCO3 cultivation, indicating a more efficient
carbon utilization. Furthermore, the study revealed that Chlorella sp.
achieved its highest biomass and lipid yield under CO: bubbling
cultivation without the addition of NaCl (1.32 g/L + 1.2% and 0.43 g/L +
3.0 % respectively), while a NaCl concentration of 0.5 M yielded the
highest lipid content (34% =+ 1.8 %) but had relatively low lipid yield at
0.21 g/L + 5.0%. This underscored the impact of NaCl stress on the growth
and lipid content of Chlorella sp.

1 Introduction

In the forthcoming decades, the assurance of global food security rests heavily upon the
attainment of agricultural sustainability. This is crucial for countries like Malaysia, which
have experienced significant economic growth in the agricultural sector. Malaysia currently
accounts for 26% of global production and 34% of global exports in palm oil production as
of 2020 [1]. However, the historical focus on intensification in agriculture has precipitated
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environmental deterioration [2]. Practices such as fertilizer application, tillage, alterations
in land use, and the cultivation of specific crop varieties heavily depend on natural
resources. Collectively, these practices have engendered a troubling decline in biodiversity,
especially among non-domesticated species [3]. While conventional agriculture has
traditionally relied on chemical fertilizers to enhance crop yields, their adverse
environmental effects have raised apprehensions [4]. Chemical fertilizers can diminish soil
fertility, adversely impact beneficial organisms, and contaminate groundwater [5].
Consequently, biofertilizers are emerging as a promising alternative.

Additionally, the optimal growth and production of microalgae as biofertilizer are
significantly influenced by environmental conditions [6]. The photoautotrophic cultivation
of microalgae faces several challenges, particularly low biomass and lipid productivity.
These limitations are primarily due to photo limitation, where high cell density reduces
light penetration [7]. To produce microalgae biofertilizer, carbon source and salt
concentration is important. Carbon is an important nutrient that maintains the microalgae
growth and metabolism [8]. Microalgae can utilize various carbon sources (organic and
inorganic carbon source) through different metabolic pathways, affecting their growth rates,
biomass yield, and biochemical composition [8]. Increased availability of carbon from
external carbon sources can lead to higher carbon fixation rates, potentially boosting the
accumulation of biomass, which might translate to increased lipid content under certain
conditions [10].

Besides that, salt stress significantly affects both the growth and nutrient composition of
microalgae [11]. Salt stress affects the organic composition and growth of microalgae
notably, leading to ionic imbalance, osmotic stress, and the creation of reactive oxygen
species (ROS) that interfere with photosynthesis [11]. In response to salinity stress,
microalgae have evolved distinct mechanisms, such as shifting from cell division to lipid
storage [12]. Research on microalgae consistently highlights that optimizing one or two
environmental conditions can greatly enhance their growth [13]. The objectives of this
study were to investigate the impact of carbon source and salinity on the nutritional content
and growth of Chlorella sp, and to characterize the biochemical profiles of microalgae as a
source of biofertilizer.

2. Experiment

2.1 Pure microalgae strain and culture conditions

A wild-type strain of Chlorella sp., obtained from Prof. Dr. Lee Keat Teong at Universiti
Sains Malaysia, was used in this study. The microalgae was cultivated and maintained in
Bold's Basal Medium (BBM), prepared as follows: 10 mL/L of culture medium, which was
made up of 25 g/L of NaNOs, 2.5 g/L of CaCl,-2H,0, 7.5 g/L of MgS04-7H,0, 7.5 g/L of
K>HPO4, 17.5 g/L of KH,PO4, 2.5 g/L of NaCl; and 1 mL/L of culture medium which was
consisted of 50 g/L of EDTA anhydrous, 31 g/L of KOH, 8.82 g/L. of FeSO4 7H,0, 1.44
g/L of MnCl,-4H,0, 0.71 g/L of MoOs, 1.57 g/L of CuSO4-5H,0, and 0.49 g/L of Co
(NO3)2-6H,0. The initial pH of the medium was adjusted to 3.0-3.5. Cultivation was
performed in 100 mL conical flasks holding 50 mL of medium, containing 50 mL of
medium, which were aerated with compressed air to sustain a CO, concentration of 10%
v/v. The temperature was kept between 25-28°C, and the environment was continuously
illuminated with cool-white fluorescent light (CWF, Philip TL-D 36 W/865) at the light
intensity of 60—70 pumol m2s™'. [14].
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2.2 Cultivation of microalgae using chicken compost

Granular chicken manure fertilizer was acquired from a local market. A quantity of 10 g of
the fertilizer was submerged in 600 mL of tap water and agitated using a magnetic stirrer
for 24 hours. The composition of the chicken compost used in this study is published in the
earlier publication [15]. The resultant fertilizer solution was then obtained by filtering the
solid out of the solution using filter paper (Double Rings 101). Then, the fertilizer medium,
200 mL, was added to a photobioreactor containing 5 L of unsterilized tap water, and the
pH of the of the final solution was tuned to a range of 3 to 3.5. Afterward, 500 mL of
Chlorella sp., which was cultivated as seed culture, was added to the photobioreactor. The
experiment was conducted with continuous aeration using compressed air and consistent
illumination from cool-white fluorescent lights (CWF, Philip TL-D36W/865) at the light
intensity of 60—70 pmol ms! [16].

2.3 Microalgae cultivation parameter studies- carbon sources

Microalgae cultivation followed the procedure outlined in Section 2.2, with the
modification of substituting bubbling CO,-compressed air with NaHCO; as the carbon
source. A measured amount of NaHCOs was added to the cultivation medium to reach the
concentrations of 0.1 g/L, 0.2 g/L, 0.3 g/L, and 0.4 g/L. The mixture was then stirred with a
magnetic stirrer at 400 rpm, and the pH was adjusted to a range of 3.0 to 3.5 [17].

2.4 Microalgae cultivation parameter studies- salinity

Microalgae cultivation followed the protocol outlined in Section 2.2, with the exception of
introducing varying concentrations of sodium chloride (NaCl) into the microalgae medium.
The NaCl concentrations were adjusted from 0 M to 0.5 M in 0.1 M increments.

2.5 Microalgae growth assessment

A correlation was established between Chlorella sp. optical density and microalgal
biomass. A Shimadzu UV mini-1240 spectrophotometer was used to measure the optical
density of the culture at 688 nm every day. Subsequently, 10 mL of each sample underwent
centrifugation for 5 minutes at 10000 g. The supernatant was removed, while the microalgal
biomass was placed in an oven and heated at a temperature of 100°C for 24 hours. The

analysis of samples was triplicated to secure data accuracy. [17]. The correlation is
expressed in Equation (1):
Dry weight (g/L) = (0.532 x OD688) +0.0333, R2 = 0.9720

2.6 Lipid extraction and measurement of lipid yield

30 mL vials were labelled and initially weighed. Then, 0.1 g of dried Chlorella sp. biomass
was added to each vial containing 30 mL of Bligh and Dye solvent (methanol and
chloroform in a 2:1 ratio). The mixture was agitated in an incubator shaker for 24 hours at
room temperature. After filtration, the filtrate was left to air-dry in a fume hood for 24
hours to aid solvent evaporation. Subsequently, samples were dried in an oven at overnight
at 105°C to ensure complete solvent removal. Finally, vials were weighed to determine the
weight of extracted lipids [17].
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3. Results and discussion

3.1 Effect of different carbon sources on microalgae growth

Based on the findings depicted in Figure 1, CO, bubbling emerged as the superior carbon
source, fostering a significant 5.60 % increase in microalgae growth compared to
cultivation with sodium bicarbonate, with growth peaking at 1.32 g/l + 1.2 %. When
comparing various concentrations of NaHCOs in cultivation, 0.1 g/L of NaHCO; exhibited
the highest microalgae growth at 1.25 g/L + 0.7 %. Additionally, the growth of Chlorella
sp. declined as the amount of NaHCO3 added to the cultivation increased. This underscores
that low concentrations of NaHCO3 enhance microalgae growth, while high concentrations
inhibit microalgae cell growth by exceeding the optimum carbon concentration [18].
Furthermore, as illustrated in Figure 1, the growth of Chlorella sp. cultivated with NaHCO;
was generally slower and resulted in a lower microalgae concentration compared to
cultivation with CO, bubbling. This slower growth could be attributed to environmental
stress factors such as pH changes and altered carbonate chemistry caused by NaHCOs3. The
introduction of NaHCOj3 can lead to increased alkalinity and fluctuations in bicarbonate and
carbonate ion concentrations, disrupting the cellular homeostasis and biochemical pathways
of Chlorella sp., making this cultivation method less favorable [18]. Given these results,
CO; bubbling was selected for the subsequent studies.

Fig. 1. The effect of different carbon sources on the growth of Chlorella sp.

3.2 Effect of salinity on microalgae growth

Salinity stress in cultivation medium can significantly impacts both the growth and organic
composition of microalgae [10]. Analysis of the impact of NaCl concentrations variations
on the growth of Chlorella sp. in Figure 2 revealed that 0.1 M exhibited the highest
microalgae biomass production at 1.25 g/L + 0.6%, closely resembling the one without
NaCl (with the highest microalgae biomass recorded at 1.32 g/L + 1.2%). However, as the
NaCl concentration increased, the microalgae concentration of Chlorella sp. visibly
declined. The lowest Chlorella sp. biomass production was observed at 0.5 M, with 0.63
g/L £ 3.5% as the highest peak. This decline can be attributed to elevated salinity levels,
which prompt Na' to compete with Ca** for cell wall binding sites, reduce K*
concentrations, disrupt cellular ion balance, and hinder protein synthesis and photosynthesis
in microalgae cells [10]. Additionally, as shown in Figure 2, the growth of Chlorella sp.
was directly proportional to the days of cultivation across all NaCl concentrations. There
were no signs of inhibition or degradation, indicating that Chlorella sp. was tolerant to the
highest 0.5 M NaCl concentration, although it exhibited the slowest growth compared to
lower NaCl concentrations.
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Fig. 2. The impact of NaCl concentration on the growth of Chlorella sp. under CO2 bubbling
cultivation.

3.3 Lipid content and lipid yield

The result of lipid accumulation in in Chlorella sp. under CO, bubbling cultivation is
shown in Figure 3. Chlorella sp. subjected to 0.5 M NaCl exhibited the highest lipid
content at 34% =+ 1.8%, whereas the lowest content occurred at 0.1M, with 18% + 2.8%.
However, despite having the highest lipid content, Chlorella sp. in 0.5M salinity cultivation
did not exhibit the highest lipid yield, with only 0.21 g/L + 5.0 %, due to having the lowest
microalgae biomass production; while the highest lipid yield is recorded at medium without
NaCl, with 0.42 g/L + 3.0 %, due to having the highest microalgae biomass production.
These results aligned with the findings of Singh, et al., indicating that salt stress can
significantly enhance lipid accumulation in microalgae; however, high salinity also inhibits
microalgae growth, which ultimately leads to a decrease in overall lipid production. [19].
However, Chlorella sp. exhibited unusual behavior at a 0.3 M NaCl concentration, showing
the lowest lipid yield at 0.18 g/L + 2.9%. At this concentration, the osmotic stress was too
severe for the cells to grow effectively, thus insufficient to trigger a strong lipid
accumulation response. This resulted in reduced growth and lower overall lipid production
[11]. In contrast, at elevated NaCl concentrations, the severe osmotic stress triggered
mechanisms that led to lipid accumulation as a protective measure, resulting in higher lipid
content despite reduced growth, which were shown in 0.4M and 0.5M [11]. This is due to
the increased salinity caused Chlorella sp. to prioritize lipid accumulation over cell division
to cope with the salt stress in the cultivation environment [12].

Fig. 3. The effect of NaCl concentration on the lipid content and lipid yield of Chlorella sp.
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4. Conclusion

By refining the cultivation techniques for Chlorella sp., it is possible to achieve maximum
growth and lipid production, addressing challenges in large-scale biofertilizer production.
This study explored the impact of carbon sources and salinity on enhancing biomass
production and lipid accumulation in Chlorella sp. The results showed that Chlorella sp.
grows best in a medium with compressed CO, bubbling as the air supply, achieving the
highest microalgae concentration of 1.32 g/L + 1.2%. Regarding salinity under CO,
bubbling, the study showed that Chlorella sp. reached optimal microalgae concentration
and lipid yield in a medium without NaCl, with values of 1.32 g/L + 1.2% and 0.42 g/L +
3.0 %, respectively.
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